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Abstract  
Purpose – The aim of this study is to determine whether the implementation of BIM concepts of the various processes 
involved in building surveying practice can lead to a reduction in waste. In turn leading to a synergy between BIM 
functionalities and lean production concepts.  
Design/methodology/approach – To verify and validate the existence of this synergy between the two methods in 
building surveying, evidences were gathered from previous literature that supports these interactions. Next, a 
questionnaire was conducted for the purpose of identifying new interactions as well as providing further evidence to 
support existing interactions. Finally, based on the findings from previous literature and the results of the questionnaire, 
an interaction matrix was constructed linking the two concepts with the relevant evidence found. 
Findings - The results of the questionnaire show that the BIM functionality with the highest interactions, 
maintenance of information integrity, had a high correlation with the reduction of variability, cycle time, batch size, and 
promoting standardization of value flow. 4D model-based scheduling, the second highest functionality, showed a high 
correlation with the reduction of variability, cycle time, batch size as well as an increase in the use of visual management. 
Finally, the results of the interaction matrix between the two concepts showed that the BIM functionalities with the most 
interactions were maintenance of information integrity, visualisation of form, and the automated generation of models 
and documents. The lean principles with the most interactions were reducing variability, cycle time, batch size as well as 
‘enables visual management’. While most of these interactions were positive, negative interactions were also observed. 
These negative interactions were due to the fact that the level of competency and knowledge in BIM for building surveyors 
is at reduced levels which can lead to increased human errors.  
Originality/value - The significance of this study is to provide the basis for building surveying organisations who 
wish to implement BIM and how this would lead to a synergy between BIM functionalities and lean principles. Both 
positive and negative interactions were considered to provide these organizations with different options for waste 
elimination. 
Keywords building surveying, building information modelling, BIM, lean construction, BIM for existing buildings, BIM 
for small practices   
Paper type Research paper 
 
 
1. Introduction  
With the current effort made by the United Kingdom government to reduce waste in time and cost 
generated from various activities in the architecture, engineering, construction and operation industry 
(AECO) (Office, 2011), there has been a rise in the past few years in the use of new digital technologies 
which has shifted the industry to meet with the demands of waste reduction. Building Information 
Modelling (BIM), is one of these digital technologies that have seen an increased use in the industry. 
The Royal Institute of Charted Surveyors (RICS) released a professional guidance mandating the use of 
level-2 BIM, which includes collaborative working and requires an information exchange process that 
is unique to each project for a government led projects (Royal Institution of Chartered Surveyors 
(RICS), 2016).  BIM functionalities in the design, construction, and operational and management 
phases of a construction project have, in theory, proven to reduce construction variability (Akinade et 
al., 2018; Jeong et al., 2016). Lean thinking on the other hand, is a philosophy that is derived from the 
concepts and principles of lean production, which was first introduced to the manufacturing system of 
Toyota car production. These concepts aim to eliminate waste in production and promote the value 
(Sarhan et al., 2018; Sarhan and Fox, 2013).   
With the emergence of both the BIM and lean thinking in the industry, extensive research has been 
conducted in order to find synergies between the BIM functionalities and lean thinking principles at the 
various stages of the construction lifecycle (Koseoglu and Nurtan-Gunes, 2018; de Mattos Nascimento 
et al., 2017).  The findings highlighted the importance of emerging technologies in enhancing the value 
and eliminating waste through the promotion of lean concepts such as Muda (Rajendran and Pathrose, 
2012; Won et al., 2016), and Mura (Nath et al., 2015).  In service oriented systems such as building 
surveying, Al Hattab and Hamzeh (2018) and Hochscheid and Halin (2019) argued that BIM can be 
used as a lean tool to reconfigure the structure and communication in an organization for the purpose 
of improving the quality of services by managing errors and restricting their occurrence.  
The aim of this study is to investigate the existence of synergy between the two methods with regards 
to the building surveying practices by providing evidence from both previous literature and a 
questionnaire to verify and validate this existence. For this purpose, BIM functionalities and lean 
principles were extracted from literature based on their relevance to the building surveying practices. 
Next, evidence linking the two concepts was gathered from previous literature. These evidences were 
further expanded by utilizing a questionnaire to determine new evidence and to verify and validate 
existing ones. Finally, the BIM functionalities and lean thinking principles were organised in an 
interaction matrix using the evidence found to link the two theories. 
 
 
2. Theoretical Background 
 
2.1 Building surveying  
The role of a building surveyor is to provide clients with an expert and impartial assessment of defects, 
repairs, and maintenance options. The aim of the services provided by the building surveyor is to help 
the clients make an informed decision regarding refurbishments or purchase of property (RICS, 2012). 
Building surveying suffers from several issues that may hinder the quality of service provided to the 
client. One of these issues is the increased number of documentations of information needed for 
effective reporting. Most of these information are stored in paper documentation form which can be 
difficult to access after a period of time (Liao et al., 2020). Moreover, inconsistent reporting of defects, 
which is another common issue with building surveyors, can lead to problems regarding purchasing 
and effective decision making (Jusselme et al., 2020). The practice also lags in-terms of technology, 
making communication with other stakeholders in a project difficult to achieve and prone to errors (Ali 
and Woon, 2013; Tauriainen et al., 2016). 
 
2.2 Building Information Modelling (BIM) 
BIM models are characterized by parametric objects, which represent physical building elements, that 
carry computable graphic and data attributes that identify them to software applications, as well as 
parametric rules that allow them to be manipulated in an intelligent fashion (Eastman et al., 2018; Volk 
et al., 2014). These objects should consist of geometric definitions and associated data rules, the 
geometry is integrated none redundantly, and the parametric rules should automatically modify 
associated geometries when inserted into a building model or when changes are applied to associated 
objects (Yin et al., 2020). Moreover, objects can be defined at hierarchy levels, the rules of the objects 
must automatically identify if a change to an object is feasible, and the objects must have the ability to 
link to or send and receive attributes (Kong et al., 2020).  To implement BIM on a macro level, market & 
industry level, Succar et al., (2012) stated that there must be a sufficient foundational framework 
suitable for the systematic investigation of the BIM domain. This framework comprises of three main 
parts: BIM fields of activity, BIM stages delineating implementation maturity levels, and BIM lenses 
providing the depth of enquiry necessary to identify, asses, and qualify BIM fields and stages. Once BIM 
is integrated into a practice, users must conduct an evaluation of the BIM maturity level (Wu et al., 
2017). The macro maturity model as developed by Succar and Kassem (2015) is one the widely used 
models for the purpose of assessing the BIM maturity level (Alan et al., 2017). 
2.3 BIM and building surveying  
The uses of BIM in building surveying can range from as-built rendering, historical documentation, 
maintenance, monitoring and assessment, as well as retrofit planning (Ghaffarianhoseini et al., 2017). 
An emerging BIM technology that can be utilized in building surveying practices, is the scan to BIM 
technology (Guo et al., 2020; Tzedaki and Kamara, 2013). This technology involves the 3D scanning of a 
property’s space to create as-built 3D BIM models (Ilter and Ergen, 2015; Son et al., 2015). The process 
involved in this technology aims to increase the measurement precision of a property (Bonduel et al., 
2017; Mahdjoubi et al., 2013). Moreover, this technology provides a better visualization of spaces in a 
virtual environment (Layek et al., 2020). However, the current software packages require significant 
human input, increasing the risk of inefficiency due to human error (Son et al., 2015). In addition the 
increased human input may lead to an underestimation of a BIM object’s information accuracy  
(Bonduel et al., 2017). Lack of a clear framework that can dictate the integration of BIM into the 
building surveying practice is another challenge that hinders the implementation of BIM into practice 
(Aibinu and Venkatesh, 2014; Brumana et al., 2020; Rocha et al., 2020). 
 
 
2.4 Lean thinking theory in service-oriented systems 
Lean thinking is an approach to management that focus on waste reduction while maintaining the 
quality of the product (Wilson, 2010). In the AEOC industry, lean construction applies to the various 
processes involved. Lean construction can be defined as the application of the principles and concepts 
of the Toyota Production System (TPS) for the purpose of enhancing the design and construction value 
and reducing waste in resources (Mano et al., 2019). Pearce and Pons (2013) and Nicholson and 
Pakgohar (2020) argued that lean thinking can be implemented within an organization without the 
need for a substantial investment in training. Regarding the implementation of the lean concepts into a 
service system, Liker and Morgan (2006)suggested that the lean principles should focus on the 
philosophy, process, people and partners, as well as problem solving aspects associated with an 
organization. Thus, lean implementation is a continuous improvement process that needs to be 
assessed over time (Vilar and Santos, 2020). To implement lean thinking into a service-based 
production system, Womack and Jones (2003) suggested the starting point in the implementation is to 
identify ‘value’ from a customer’s viewpoint, followed by sequencing the processes to generate that 
value, and finally strategizing the flow of that value. The lean management further expands on this 
approach by adding 5 step process, identify customer value, map value stream, flow, establish pull, and 
perfection (Abdallah et al., 2019; Czifra et al., 2019). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   ‘Muda’ or waste in lean theory can be categorized into two different types. The first type, Type 1 
Muda, refers to activities that add no value to the process, but are necessary due to the current 
technology (Bauer, 2016). Type 2 Muda refers to any type of waste that reduces the value for any 
stakeholder and is a priority in elimination (Lodgaard et al., 2016; Maid and Desai, 2019). Bicheno and 
Holweg (2016) proposed an equation that provides an illustration of how waste is generated. In this 
formula, demand is defined as the amount of work in the system. It’s made up of two types of demands, 
the true demand and the failure demand, which are generated from rework resulting from failure to 
meet the true demand in the first time. Capacity is defined as the resources allocated to achieve the 
demand or it can also be defined as work plus waste.  The result from deducing demand and capacity is 
a gap. Once demand exceeds there is an over-load or Muri. If demand is less than capacity, then there is 
an underload. Reducing the gap between demand and capacity can lead to improving the customer 
service or meeting customer demand. 
Given that the building surveying is a service-oriented production system, the research focused 
mainly on the waste generated in service-oriented systems as identified in the literature. Waste in 
service-oriented production systems are defined as either a delay, a duplication, an unnecessary 
movement (Bicheno and Holweg, 2016), an unclear communication, incorrect inventory (Jing et al., 
2020), opportunity lost and errors (Zirar et al., 2020). Delay in customer service refers to the 
variability in wait time for delivery as well as the variability in perceiving the length of wait time, along 
with any issues that can arise due to this variability (Bicheno and Holweg, 2016; Silva et al., 2020). 
Duplication refers to re-entering data, repeating the details on forms, copying information across or 
answering queries generated from several sources within the same organisation (Bicheno, 2016). 
Unnecessary movement can be generated from queuing several times, lack of one-stop or poor 
ergonomics in the service encounter. Unclear communication can be generated due to confusion over 
product or service leading the customer to seeking clarification which, in turn, can lead to misuse or 
duplication (Lai et al., 2019) 
    The next type of waste in customer service is incorrect inventory. This can be generated due to 
out of stock, not getting the product exactly as required by the customer or getting an alternative 
product or service that may be inferior to the customer’s requirements. Opportunity lost refers to the 
attitude of the producers towards the customer which can lead to either retaining or losing the 
customer (Rudnick et al., 2020). Finally, errors refer to the errors found in service transaction, product 
defects or inferior products (Banawi and Bilec, 2014). 
 
 
 
 
3. Methodology  
To achieve the aim of this research, the study utilised a mixed approach which consisted of both 
literature review and a questionnaire. Andujar-Montoya et al. (2019) recommended that a 
comprehensive literature review can be utilized for the purpose of identifying BIM functionalities and 
lean thinking principles that can be deemed as relevant to the practices of building surveying.  Possible 
synergies between the two principles in the building surveying practice can be uncovered from 
previous literature (Elmaraghy et al., 2018). Hence, interactions between BIM functionalities and lean 
thinking principles are hypothesized based on the findings from previous literature for the purpose of 
uncovering evidence, as shown in Figure 1. To validate these hypothesized interactions, a 
questionnaire containing both open and close ended questions was designed for this purpose  (Pitti et 
al., 2019). The close ended questions embedded statements that contain evidence of this interaction. 
The responses for these statements were a varying degree of agreement or disagreement based on a 
five-point Likert scale where 1 = strongly disagree, 2 = agree, 3 = neutral, 4 = disagree, 5 = strongly 
agree. 
The second part of the questionnaire contains open ended questions which can lead to the 
unstructured data collection. A separate coding analysis will be performed to determine the 
frequencies of the themes measured as well as a rating for each of these categories. The ratings used to 
measure each category is based on a range of a negative two for a strongly negative rating, and a 
positive two for a strong positive rating (Sapsford and Jupp, 2006). 
The next logical step in this research is constructing an interaction matrix that attempted to link the 
BIM functionalities to the lean thinking principles. The reasoning behind each interaction between BIM 
functionalities and lean principles will be justified through evidence collected from the previous works 
of literature as well as the data gathered from the questionnaire.  
 Figure 1. Theoretical 
model constructs 
 
4. Relevant BIM functionalities 
The aim of this section was to identify the relevant BIM functionalities that can be linked to lean 
production principles which can lead to improvements in the flow and value of the end product. This 
was achieved by gathering data from previous works of literature that touch on the subject of BIM and 
BIM functionalities. Table 1 shows the relevant BIM functionalities along with an explanation as to why 
each functionality is relevant to building surveying.  
 
Functionality Evidence supporting selection of 
functionality from literature 
Source 
Visualization of form 1. BIM enabled software allow their 
users to observe a 3D rendered 
version of the end-product of the 
design. As the data are available in 
3D, the concept of BIM allows for the 
use of real-time visualizations as a 
tool to communicate ideas and 
sharing information between the 
different stakeholders 
(Mill et al., 2013; Paavola et al., 2012) 
2. Visualization of form allows the 
different stakeholders to evaluate the 
different aspects of the design 
efficiently, including cost-estimation, 
energy analysis and production 
planning 
(Johansson et al., 2015) 
3. Clients can utilize this functionality 
to organize and connect the large 
amounts of data associated with each 
project 
 
(Hardin and Mccool, 2015) 
Maintenance of information integrity 1. Utilizing Industry Foundation 
Classes (IFC) models, a model with 
neutral formats, allows for seamless 
exchange of data between the 
stakeholders as well as maintaining 
consistency of the information 
shared.  
(Lee, Eastman, et al., 2018) 
2. Information is stored in one 
location, BIM users have the ability to 
store their relevant information in an 
integrated cloud platform designated 
for that project, as opposed to CAD 
drawings where multiple versions of 
the model is stored in various 
locations.  
(Ghaffarianhoseini et al., 2017; Zhang, Seet, et al., 2015) 
3. Design clashes can be avoided (Akponeware and Adamu, 2017) 
through the coordination of design in 
a 3D design and decision-making 
environment 
 
Controlling lifecycle cost data 1. A BIM enabled software allow its 
users to effectively control the 
holding lifecycle of a property 
through storing information and 
providing convenient access to this 
information to all stakeholders 
(Oskouie et al., 2012) 
2. Early design coordination between 
the stakeholders can allow for 
effective value engineering and cost 
estimation. This would lead to a 
reduction in uncertainty in costs.  
 
(Forgues et al., n.d.) 
Support for augmented reality Augmented reality integration within 
a project can aid the surveyor in 
providing the client with an efficient 
report of deficiencies. Moreover, BIM-
based AR systems have the ability to 
display scheduling information. This 
functionality would allow clients to 
make informed decisions  
 
(Meža et al., 2014; Teicholz, 2013) 
4D model-based scheduling This functionality allows its users for 
a more accurate prediction of daily, 
weekly and monthly activities, which 
can lead to a reduction of waste due 
to the uncertainty generated by the 
interdependencies and overlapping of 
activities 
 
(Hardin and Mccool, 2015; Lee et al., 2020) 
Cloud computing technology 1. Giving access to various 
stakeholders for the purpose of 
editing and storing relevant 
information can allow for improved 
collaboration and effective decision 
making throughout the project 
lifecycle.  
(Oliver et al., 2020; Teicholz, 2013) 
2. Cloud-based BIM models have the 
ability to track and monitor project 
progress in real-time. This can lead to 
effective decision-making by the 
various stakeholders to meet project 
deliverables 
 
(Han and Golparvar-Fard, 2015; Mahdjoubi et al., 2013; 
Matthews et al., 2015) 
Collaboration Collaboration allows stakeholders to 
share their mistakes as learning 
opportunities. Moreover, trust and 
long-term relationships are 
encouraged in a BIM oriented project 
due to the involvement of the various 
stakeholders in the design and 
decision-making process  
 
(Lee, Chong, et al., 2018; Oraee et al., 2017) 
Coordination In a BIM oriented project, 
coordination between the 
stakeholders at the various stages of 
the project lifecycle can lead to a 
reduction in uncertainty, delivering a 
more predictable path towards the 
expected quality of the end-product 
 
(Park and Lee, 2017; Yarmohammadi and Ashuri, 2015) 
Evaluating property data in real-time Storing of real-time data with regards 
to building parameters such as 
structural stability, timing, energy 
and space performance can allow for 
more accurate reporting by the 
building surveyor. Moreover, this 
allows for a detailed maintenance 
history of the property.  
 
(Patacas et al., 2015; Zhang, Seet, et al., 2015) 
Automated generation of drawings The ability of BIM enabled software to (Deng et al., Table I. BIM functionalities 
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and lean 
interaction 
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and documents  generate drawings, plans, and other 
documentation can reduce waste in 
time and costs that are normally 
associated with 2D CAD drawings  
2020)  
 
5.  Lean theory principles  
Lean principles provide the required techniques for implementing lean theory in a production system. 
They allow for optimization, continuous improvement, elimination of waste and a focus on delivering 
the required quality desired by customers (Oskouie et al., 2012). There are several lean principles that 
are found in literature (Liker and Morgan, 2006), (Bicheno and Holweg, 2016), and (Womack and Jones, 
2003). Table II Compiled the most relevant lean concepts that can be associated with building 
surveying that could contribute to the continuous improvement in two key lean theory concepts value 
and flow (Zhang et al., 2020). Each principle in the table below contains a common definition and 
evidence from the literature to support the selection.  
 
 
Lean principle  Definition  Evidence 
supporting 
selection 
Source 
Variability Refers to the 
fluctuations and 
unforeseen 
conditions that 
render the 
objectives of a 
process to be 
unstable and 
obscure 
Lean production 
concepts aim to 
reduce the 
variability in a 
process through 
focusing on 
quantity 
control, full 
integration, 
continuous 
evolution, and 
consistent 
management 
 
(Issa, 2013; Sacks et al., 2010; Thomas et al., 
2002; Zhang et al., 2020) 
Cycle time Refers to the 
total time taken 
to complete the 
processes 
involved in 
production. This 
principle can be 
used as an 
indicator to 
measure 
performance 
and promote 
continuous 
improvement  
 
A reduction in 
cycle-time can 
lead to savings 
in terms of costs 
and time, thus 
cycle-time is 
correlated with 
variability  
(Bamana et al., 2019; Czifra et al., 2019; 
Goienetxea Uriarte et al., 2020; Sacks et al., 
2010) 
Batch size Refers to the 
overloading of 
resources. It can 
be associated 
with ‘Murri’3. 
Batches can be 
defined as a set 
of tasks 
performed in 
distinct spaces 
In lean 
production, the 
aim of this 
principle is to 
effectively 
control the 
quantity of the 
output to 
reduce the 
cycle-time due 
to batching 
 
(Herrera et al., 2019; Sacks et al., 2010; Sacks 
and Goldin, 2007)  
Promoting 
continuous 
improvement 
Also known as 
Kaizen, refers to 
the 
methodology of 
processes that 
are aimed at 
improving the 
flow of working 
conditions 
through the 
elimination of 
problems and 
waste 
In a lean 
organization 
learning from 
action is 
encouraged and 
learning can be 
achieved 
through 
implementing a 
feedback 
system on the 
level of work 
satisfactory thus 
mistakes are 
seen as 
(Aziz and Hafez, 2013; Belhadi et al., 2020; 
Bicheno and Holweg, 2016; Dombrowski and 
Mielke, 2013; Oskouie et al., 2012) 
opportunities to 
improve and not 
something to be 
punished for  
 
Standardization Reduction of 
variability in 
both temporal 
and product 
features 
 
Standardization 
correlates with 
other principles 
such as 
continuous 
improvement 
(Bashir et al., 2013; Esquenazi and Sacks, 
2006; Sacks et al., 2010) 
Visuality Refers to the 
visual 
management of 
operations. This 
is done by 
simplifying and 
standardizing 
the processes 
involved 
This principle 
aims at 
identifying 
whether the 
operations or 
schedules are 
on the target 
path or have 
been diverted 
from it  
 
(Alhuraish et al., 2016; Bicheno and Holweg, 
2016) 
Go and see for 
yourself 
Refers to 
managing the 
production 
system by direct 
observation 
instead of 
reports and 
hearsay. Lean 
implementation 
takes place on 
site and not in 
the office  
Issues in a 
place where 
value is created 
are often 
visible. To 
eliminate these 
issues from 
arising, 
management is 
encouraged to 
observe the 
state of a 
process in 
person 
 
(Bicheno, 2016; Dombrowski and Mielke, 
2013; Pamfilie et al., 2012) 
Partnership Is a lean 
principle which 
states that each 
member 
involved in a 
system is able to 
add value. This 
would lead the 
different 
participants to 
share 
responsibilities 
for success and 
failure 
Increasing 
participation 
leads to 
increased trust 
between the 
different 
stakeholders 
which leads to 
a reduction in 
waste in time 
and improves 
quality through 
the creation of 
shared value 
(Andelin et al., 2015; 
Bicheno and Holweg, 
2016; Iyer et al., 
2019; Lehr et al., 
2019) 
Table II. 
Lean 
principles 
 
 
 
 
6. Questionnaire Results & Analysis  
The data collected from the questionnaire were analysed using IBM SPSS 24. The respondent’s profile 
in terms of years of experience, organization size, and BIM implementation are shown in Tables I, II, 
and III, respectively.  
 
 
 
Organization size Frequency Percent Valid Percent Cumulative percent  
0 to 50 10 47.6 47.6 47.6 
Table IV. 
Respondent's profile 
51 to 100 1 4.8 4.8 52.4 
101 to 200 1 4.8 4.8 57.1 
Years of Experience Frequency Percent Valid Percent Cumulative 
Percent 
     
Under 2 years 11 52.4 52.4 52.4 
Table III. Respondent's 
profile - years of 
experience 
2 to 5 years 2 9.5 9.5 61.9 
6 to 10 years 4 19.0 19.0 81.0 
11 to 15 years 1 4.8 4.8 85.7 
16+ years 3 14.3 14.3 100.0 
201 to 499 1 4.8 4.8 61.9 - organization size 
500+ 8 38.1 38.1 100.0 
 
 
BIM 
implemented? 
Frequency Percent Valid Percent Cumulative 
Percent 
 
 
Table V. 
Respondent’s profile 
- BIM 
implementation 
Yes 10 47.6 47.6 47.6 
 
No 11 52.6 52.6 100.0 
 
6.1 Construct model reliability  
A Cronbach analysis was conducted to test the reliability of the initial interactions structural model 
proposed in Figure 1 by testing the adequacy between each inter-item subscale (Tavakol and Dennick, 
2011). The results of this analysis are shown in Table IIII. From this analysis, it was found that for 
‘reducing variability’ subscale, the inter-items measured (visualization of form, maintenance of 
information integrity, controlling life cycle data, 4D model-based scheduling, and collaboration) 
showed a Cronbach alpha value of. 689.  For this subscale, it was shown that the reliability between the 
inter-items measured can increase to .797 by removing the ‘visualization of form’ item. 
‘Maintenance of Information integrity’, ‘controlling life-cycle data’, ‘4D model based scheduling and 
automated generation of models and documents’ inter-items showed an adequate level of inter-item 
reliability with a Cronbach alpha of .854 for the subscale ‘reducing cycle-time’. Third, 4D model-based 
scheduling, automated generation of models and documents, maintenance of information integrity and 
collaboration had high values of Cronbach alpha of.859 for the subscale ‘reducing batch size’. 
Another subscale measured in this analysis is ‘use of visual management’. The inter-items were 
‘controlling life cycle data’, ‘4D model-based scheduling’, ‘automated generation of models and 
documents’ and ‘support for augmented reality’. The Cronbach alpha value was found to be .810. 
Lastly, automated generation of models and documents and maintenance of information integrity 
inter-item had a very high level of measurement reliability of .930 on the Cronbach alpha for the 
subscale ‘standardize’. 
 
 
Subscale Inter-item Cronbach 
Alpha Value 
 
 
 
 
 
 
 
 
 
 
 
 
Table VI. Reliability test 
analysis 
LP1-
Variability 
• BF1- Visualization of form 
.689 
• BF2- Maintenance of information 
integrity 
• BF3- Controlling life cycle data 
• BF5- 4D model-based scheduling 
• BF7- Collaboration 
LP2- Cycle 
time 
• BF2- Maintenance of information 
integrity 
.854 
• BF3- Controlling life cycle data 
• BF5- 4D model-based scheduling 
• BF8- Automated generation of 
models and documents 
LP3- Batch 
size 
• BF5- 4D model-based scheduling 
.859 
• BF8- Automated generation of 
models and documents 
• BF2- Maintenance of information 
integrity 
• BF7- Collaboration 
LP5- Visual 
management 
• BF3- Controlling life cycle data 
.810 
• BF5- 4D model-based scheduling 
• BF8- Automated generation of 
models and documents 
• BF4- Support for augmented 
reality 
LP8- 
Standardize 
• BF8- Automated generation of 
models and documents 
.930 
• BF2- Maintenance of information 
integrity 
 
The second analysis performed for the closed form questions was the correlation analysis, which 
was applied to the subscales ‘reduce variability’, ‘reduce cycle-time’, ‘reduce batch-size’, ‘visual 
management’, and ‘standardize’ to provide statistical evidence for the existence of a linear relationship 
between the same pairs of variables in the population. It was evident that a strong correlation between 
the sub-scales is present with most of the sub-scales scoring a high positive correlation, a minimum of r 
(df = 20) = .764, p-value < .01 between reduce variability and standardize and a maximum of r (df = 20) 
= .928, p-value < .01 between standardize and reduce cycle time. This strong correlation between the 
lean principles is also evident in the literature. Table IV shows the results of the correlation test. 
 
 Reduce 
Variability 
Cycle Time Batch 
size 
Visual 
manageme
nt 
Standardi
ze 
 
LP1- 
Variability 
Pearson 
Correlation 
1 .885** .836** .787** .764** 
Table VII. 
Correlation Test Results 
Sig. (2-
tailed) 
 .000 .000 .000 .000 
N 21 21 21 21 21 
LP2- 
Cycle Time 
Pearson 
Correlation 
.885** 1 .910** .886** .928** 
Sig. (2-
tailed) 
.000  .000 .000 .000 
N 21 21 21 21 21 
LP3- 
Batch size 
Pearson 
Correlation 
.836** .910** 1 .778** .907** 
Sig. (2-
tailed) 
.000 .000  .000 .000 
N 21 21 21 21 21 
LP5- 
Visual 
managemen
t 
Pearson 
Correlation 
.787** .886** .778** 1 .775** 
Sig. (2-
tailed) 
.000 .000 .000  .000 
N 21 21 21 21 21 
LP8- 
Standardize 
Pearson 
Correlation 
.764** .928** .907** .775** 1 
Sig. (2-
tailed) 
.000 .000 .000 .000  
N 21 21 21 21 21 
**. Correlation is significant at the 0.01 level (2-tailed).  
 
Finally, based on the statistical analysis performed in this section, we were able to modify the 
theoretical interaction model found in Figure 1 from the previous section. The p-value of each 
component found in the new theoretical interaction model is found in Table 8, a positive p-value 
indicate the strength of the linear statistical relationship between the components. A p-value close to 
(1) with a significance of less than (0.05) indicate a strong statistical linear relationship. Figure 2 
shows the final interaction model. The numbers found on each arrow in this figure present the p-value 
from the Bivariate correlation test conducted for each element. 
 
 
 
Path p-value 
Significanc
e 
Table VIII. Correlation Test 
Results for Each BIM 
Component 
BF2- Maintenance of information integrity →LP1- 
Reduce variability 
.709 <0.05** 
BF2- Maintenance of information integrity →LP2- 
Reduce cycle-time 
.846 <0.05** 
BF2- Maintenance of information integrity →LP3- 
Reduce batch-size 
.851 <0.05** 
BF2- Maintenance of information integrity →LP8- 
Standardize 
.928 <0.05** 
BF3- Controlling life-cycle data →LP1- Reduce 
variability 
.726 <0.05** 
BF3- Controlling life-cycle data →LP2- Reduce 
cycle-time 
.739 <0.05** 
BF3- Controlling life-cycle data →LP5- Use visual 
management 
.740 <0.05** 
BF4- Support Augmented reality →LP5- Use visual 
management 
.802 <0.05** 
BF5- 4D model-based scheduling →LP1- Reduce 
variability 
.567 0.07** 
BF5- 4D model-based scheduling → LP2- Reduce 
cycle-time 
.610 <0.05** 
BF5- 4D model-based scheduling →LP3- Reduce 
batch-size 
.647 <0.05** 
BF5- 4D model-based scheduling →LP5- Use 
visual management 
.531 0.013* 
BF8- Automated generation of models and 
documents →LP2- Reduce cycle-time 
.849 <0.05** 
BF8- Automated generation of models and 
documents →LP3- Reduce batch-size 
.800 <0.05** 
BF8- Automated generation of models and 
documents →LP8- Standardize 
.895 <0.05** 
BF7- Collaboration →LP1- Reduce variability .618 <0.05** 
BF7- Collaboration → LP3- Reduce batch-size .774 <0.05** 
 
 Figure 2. Final 
Interactions 
Structure Model 
 
For the open-ended questions found in the second section of this questionnaire, the results can be 
found in Table VI. In this table, each comment is analysed for frequent keywords that can be used as 
evidence of the synergy between BIM functionalities and lean principles. These keywords (themes) 
were then used in the synergy matrix found in the discussion section. The comment code numbers are 
added to Table VIII in the discussion section to facilitate finding the comment and themes in this table. 
Comment 
code 
number 
Comments Theme Rating 
 
1-1 Accuracy on site saves time and maximises efficiency. Efficiency 1  
1-2 
It’s a qualified answer, because the surveyor would have to be 
competent in BIM 
Competency 0  
1-3 
Functionality of BIM can provide these and other insights, 
often this valuable function is not invested in early enough 
Competency 1  
1-4 
BIM can improve reporting of inspections, if used 
correctly, however insufficient knowledge of the technology 
could lead to errors. 
Process 
Facilitation 
1  
1-4 
BIM can improve reporting of inspections, if used correctly, 
however insufficient knowledge of the technology could 
lead to errors. 
Knowledge 0  
1-5 
BIM is a process we follow to achieve Building Data Store that 
helps all users in coordination and integration from the 
beginning. 
Process 
Facilitation 
0  
2-1 Conflicts and clash detection are easier in BIM than CAD Process 1  
 Facilitation 
2-2 
It is only as accurate as the information entered originally, 
therefore if that information was wrong, then any reporting 
will also be wrong. 
Efficiency -1  
2-3 
The information stored is fully coordinated and computable 
where it helps all team members in making effective meetings 
and regular computations. 
Efficiency 1  
3-1 
This is only possible if the characters in the industry are 
trained with a BIM-visualising mind-set. If you think in 2D 
drawings and your schedules are text as opposed to a 
generated list of elements, this will not be effective. 
Knowledge 0  
3-2 
BIM is beneficial in this sense, however, there will always be 
unexpected repair costs – BIM go a long way to minimise these 
chances. 
Efficiency -1  
3-3 
It’s an aspiration today. Too many practices are using BIM just 
for visual purposes 
 
Visual 1  
3-4 
A 4D model cannot replace a physical inspection to assess the 
extent of damage and scale of repair needed. 
 
Process 
Facilitation 
-2  
3-5 
The Process of BIM is meant for client satisfaction. 
 
Process 
Facilitation 
0  
4-1 
Surveyors will need to be BIM competent 
 
Competency 0  
5-1 
This is a theoretical agreement with the question. A building 
surveyors skill set includes understanding the effects of 
building performance 
Knowledge 1  
5-2 
We need to consider usage of the property rather than just the 
building aspects - current thinking is that human intervention 
in property creates a significant variance to intended (design) 
performance - usually resulting in underperformance 
Efficiency 0  
5-3 
The Process of BIM which is reflected by using different tools 
as Revit software is a purpose built for BIM and helps to store 
all the information starting from the project information and 
property data that are used in energy simulations and other 
studies. 
Process 
Facilitation 
1  
7-1 
However, if time per report is reduced the number of 
reports expected will increase not leading to any reduction in 
workload in terms of time at work 
Process 
Facilitation 
-1  
7-2 
The BIM process helps in minimizing work hours where 
users invest their time on different new projects by avoiding 
rework and chasing modifications as the conventional process 
do. 
Process 
Facilitation 
1  
7-2 
The BIM process helps in minimizing work hours where users 
invest their time on different new projects by avoiding 
rework and chasing modifications as the conventional 
process do. 
Efficiency 2  
8-1 
The current state of AR requires the user to manually add 
inputs, which can result in increased human error 
 
Efficiency -2  
8-2 
I've used a Hololens on a construction project before and it will 
be absolutely fantastic in QC-ing sites. 
 
Process 
Facilitation 
1  
8-3 
Integrated AR in BIM can prove incredibly useful, but it must 
be set up properly and with the correct information inputted – 
only one element of incorrect information could result in the 
entire report being wrong. 
Efficiency 0  
8-4 
This is a recent development. It requires competency and 
vision of the practitioners. 
 
Competency 0  
8-5 
Again, depends on the data available and the reliability of that 
data - this is an information set which will take time to develop 
and adopt for buildings in-use 
Efficiency 0 
Table IX. Coding 
Analysis for the 
Unstructured Data 
8-5 
Again, depends on the data available and the reliability of that 
data - this is an information set which will take time to develop 
and adopt for buildings in-use 
Competency -1 
8-6 
Physical inspections are the best way to validate reports of 
building condition, through the augmented reality material 
condition may not be able to be assessed. 
Competency -2 
The frequency for the themes measured in the open question section of the questionnaire is shown in 
Figure 3. The highest frequency measured was found to be 32 percent for both the ‘efficiency’ and 
‘process facilitation’ category.  The second highest frequency was for the category ‘knowledge’ with a 
frequency of 21 percent. The lowest frequency was found to be 3 percent for the visual category. The 
high frequencies emphasis the role of BIM on efficiency, and process facilitation.  
Regarding the rating results, for the category ‘efficiency’ the average rating was close to zero. This 
indicates that the perception of BIM improving the efficiency is seen as neutral by the participants. The 
average rating for the category ‘competency’ was close to negative one. This indicates that the 
participants’ perception regarding employing the different BIM functionalities effectively requires a 
high level of competency by the users. For the ‘knowledge’ and ‘process facilitation’ categories, the 
average participant rating for each category was found to be close to one. This can indicate that 
knowledge and efficient use of BIM can be positively correlated, as the user’s knowledge in the method 
is increased, the more efficient BIM becomes. Finally, the positive average rating for ‘process 
facilitation’ indicate that indeed BIM functionalities can improve the processes involved in the various 
activities in building surveying.  
 
 
Figure 3. Theme 
Frequency 
 
 
7. Interaction Matrix  
 
The interaction matrix found in Table X compiled the BIM functionalities against the lean principles 
that are relevant to the types of services provided by a building surveyor. The numbers found in each 
cell of the matrix refer to indexes which present evidence to support these interactions. These indexes 
can be found in Table XI. Both positive and negative interactions were found in this study. The negative 
interactions are found in a number bound by brackets in each cell of the interaction matrix.  
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Index 
Number 
Explanation Source 
 
1 
The visualization of form can assist the building 
surveyor in getting the inspection quality right the first 
time 
Quantitative results analysis 
found in section 4 
 
(2) 
Incompetent knowledge and awareness of BIM 
functionalities can lead to errors Qualitative results analysis found 
in section 4 
 
3 
Point cloud surveying enables the surveyor to capture 
a very complete set of measurements and other 
relevant data regarding the space inside of a property 
which is then transferred to a BIM software that would 
render the scanned area intensely along with all the 
information captured for each point. 
(Klaschka, 2014; Xu et al., 2018)  
4 
The data stored in a BIM model can later allow the 
surveyor to revisit this data and apply any as built 
changes without the need to visit the site. This would 
also allow the surveyor to obtain access to restricted 
areas that are occupied by tenants. 
(Klaschka, 2014; Yang et al., 
2020) 
 
(5) 
Insufficient Knowledge of the technology can lead to 
errors resulting from incompetency 
Qualitative results analysis found 
in section 6 
 
6 
BIM allows for storing information once without 
repetition increasing the quality of the information 
presented in the surveyor’s reports 
Quantitative results analysis 
found in section 6 
 
(7) 
Error in reporting starts with the accuracy of 
information entered by the surveyor. As some BIM 
softwares require a significant amount of human input 
to process information, the quality of reports would 
depend on the quality of information entered by the 
surveyor. 
Qualitative results analysis found 
in section 6 
 
8 
BIM allows for effective collaboration as the 
information stored in a BIM model can be accessed 
unrestrictedly by the different stakeholders. Reducing 
any clashes that may result from manual take-offs 
(Barnes, 2019; Zhang, Chen, et al., 
2015) 
 
(9) The current BIM capabilities lack accuracy in terms of Qualitative results analysis found  
Lean principles 
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Visualization of Form 1, 10, 
(2) 
1, (2),    15 24 28  
Maintenance of 
Information Integrity 
6, 13 4, 13 4  4 22  12  
Controlling Life-Cycle 
Cost Data 
16, (9) 23,25  25  23    
Support Augmented 
Reality 
(19)  (19)   20    
Automated Generation 
of 4D Modelling, 
Including Time 
Scheduling  
11 11 11      
 
Take Advantage of 
Cloud Computing  
3, (21) 3    3    
Enable Collaboration 
and Interoperability 
8  8 27    27  
Coordinate Sequences 
of Steps 
(7) (7)   14    
Table X. 
Interaction Matrix 
Real Time Evaluation 
of Property Data 
11, (9) 11 11  23    
Automated Generation 
of Models and 
Documents  
17, 26, 
(5) 
17 18  18, 26    
*The numbers found in the cells of the interaction matrix table refer to indexes that are explained in the table 
below. The numbers inside the brackets present negative interactions. 
estimation of damage scale and repair costs in section 6 
10 
BIM user can take advantage of visual and aesthetic 
management functionalities to reduce variability 
Qualitative results analysis found 
in section 6 
 
11 
4D modelling, which includes time scheduling, 
provides the surveyor with the right tools to forecast 
to a certain degree the time and costs associated with 
repairs and maintenance 
Quantitative results analysis 
found in section 6 
 
12 
BIM improves the aesthetic and functional decision-
making process, which in turn improves the reliability 
of services provided by the surveyor. 
Qualitative results analysis found 
in section 6 
 
13 
Enabling access to online database and historic data 
allow the surveyor in measuring accurately the 
current state of a property which in turn allows for 
more accurate reporting 
Quantitative results analysis 
found in section 6 
 
14 
As BIM enables automated estimation of schedules and 
costs, this would lead to a more systematic approach 
to sequencing the processes involved in building 
surveying activities 
(Klein et al., 2012)  
15 
Not only does BIM models allow the surveyor to visit 
the worksite virtually, but also each object in this 
model stores geometric and intelligent information 
that can be accessed instantly. 
(Hardin and Mccool, 2015; 
Khaddaj and Srour, 2016) 
 
16 
BIM functionalities allow for increased accuracy in-
terms of measuring the space performance 
Qualitative results analysis found 
in section 6 
 
17 
The automated generation of models and documents 
allow the surveyor to produce more efficiently in less 
the time required, thus reducing cycle time for the 
activities involved in inspecting and reporting 
Quantitative results analysis 
found in section 6 
 
18 
The automated generation of models and documents 
allow the surveyor to complete more tasks with in less 
the time required, leading to a reduction in batch sizes 
Quantitative results analysis 
found in section 6 
 
(19) 
The current state of augmented reality is hampered by 
the degree of human input required, which can lead to 
increased human error. Thus, this technology requires 
competency and vision of the practitioners. 
Qualitative results analysis found 
in section 6 
 
20 
Enabling augmented reality in a BIM model allows the 
surveyor to verify and validate inspections and 
reporting 
Quantitative results analysis 
found in section 6 
 
(21) 
Point cloud modelling offers an effective alternative to 
physical site inspections; however, the current state of 
the technology requires a more standardized 
geometric quality assessment to enable reliability and 
reusability for future users on a micro-scale level of 
measurement 
(Bonduel et al., 2017)  
22 
BIM creates a comprehensive database where 
information regarding location, functionality and 
specification of a space can be stored and retrieved. 
This database is frequently update and revised to 
incorporate new information throughout the 
property’s lifecycle which would allow the surveyor to 
effectively plan and report on any future renovations 
and building upgrades 
(Khaddaj and Srour, 2016; Klein 
et al., 2012; Oskouie et al., 2012) 
 
23 
As BIM models store information regarding the 
current state of a property, this information can be 
used later to assess the building performance ie 
energy performance or space utilization for that 
property 
Quantitative results analysis 
found in section 6; 
Oskouie et al. ,2012 
 
 
24 
The 3D visualization that BIM models provide, allow 
the surveyor to check for and compare building 
specifications and requirements against the actual 
performance  
(Eastman et al., 2018; Li and 
Froese, 2016) 
 
25 
BIM models reduce the inputs required for 2D CAD 
models to evaluate the energy efficiency of a property. 
This can be done at an early stage of the property’s 
evaluation which would allow more time to apply 
improvements or modifications 
(Eastman et al., 2018) 
 
26 
As the flow of information is reduced in a project, 
compared to a 2D CAD information flow, reporting is 
produced more accurately due to effective 
management, tracking, and distribution of the 
available information 
(Daniotti, 2019; Hardin and 
Mccool, 2015) 
27 
Integration of other stakeholders within a project 
allows for increased trust and confidence between the 
different parties that would extend beyond individual 
projects 
(de Carvalho et al., 2017; Sacks et 
al., 2010; Wilkinson, 2005) 
28 
Communication and information sharing in a BIM 
environment has led to the introduction of advanced 
(Gozali et al., 2019; Zhang et al., 
2018) 
Table XI. Evidence 
for BIM Functionalities 
communication technologies that can provide faster 
and more accurate information 
and Lean Principles 
Interactions 
 
 
 
8. Discussion 
The paper presented an argument on how BIM can contribute to improving the services associated 
with the Building surveying practice. The study also presented an insight on how this sector views the 
introduction of new technologies into the working environment. The contrasting views from the 
literature and the questionnaire results indicate that the building surveying sector is lagging behind 
other sectors. The interaction matrix can be used as a guideline for firms and building surveyors who 
wish to implement BIM. From the data collected, the study was able to identify the lean principles that 
had the highest concentration of interactions in building surveying practices. Looking through the 
interaction matrix, the principles with the highest interactions observed were ‘Reduce Variability’ and 
‘Reduce Cycle-Time’.  This, along with ‘Reduce Batch-Size’ and ‘Standardize’ indicates that BIM 
functionalities can eliminate waste through the promotion of these principles.  
Furthermore, as waste is reduced, the services provided by the building surveyor for the clients are 
improved, leading to an increase in value from a client’s point of view and with the reduction in batch-
size, quality services is provided to clients in less the time required. Interactions between various BIM 
functionalities with lean principles such as ‘Enable Continuous Improvement’, ‘Standardize’, and 
‘Enable Visual Management’, can lead to enhancing the value stream in the sequence of processes 
involved that lead to producing value for customers. BIM functionality, collaboration, facilitates trust 
and confidence between the different stakeholders and with the introduction of advanced 
communication techniques, sharing and accessing information is facilitated which can lead to 
improved partnership. Enhanced partnership in the building surveying practice can lead to enhancing 
the quality of information exchanged through the services provided.  
Accuracy in the services provided by a building surveyor can be increased through the introduction 
of advanced visualization techniques such as VR and AR. In the interaction matrix, these this 
functionality interacts positively with the visual management principle. The interaction with variability 
and batch-size, however, is a negative interaction. This can indicate that the technology is yet to be 
fully utilized in the surveying practice or it may indicate that education and training is required to 
enable the full potential of this functionality. While the interactions between the two concepts were 
found to be mostly positive, a few interactions were negative. This is due to several issues such as the 
quality of training provided, lack of knowledge and awareness, as well as increased human input. 
Although the increased human input can be classified as necessity type of waste due to current 
technology, poor training quality and lack of knowledge and awareness can be classified as type 2 
Muda that leads to a reduction in accuracy of the information presented in BIM models which needs to 
be eliminated to further improve the interactions between the two concepts. 
 
9. Conclusion and Future Works 
Different BIM functionalities and lean production principles that were conceptualized in previous 
literature were examined to find evidence of interconnections between the two concepts. Furthermore, 
as BIM has been recently introduced and adopted by a significant number of building surveyor 
organizations, a questionnaire was conducted to fill the gap and provide further evidence for the 
interaction between the two concepts. BIM functionalities were selected based on two priorities: 
relevance to building surveying and potential to improve value and flow.  
The interaction matrix between BIM functionalities and lean principles show that the BIM 
functionalities that had the most interactions in building surveying were the visualization of form, 
maintenance of information integrity, and the automated generation of models and documents. 
Negative interactions were also observed. This is due to lack or incompetent knowledge and awareness 
which can lead to increased human error and rework, which can lead to increased variability and cycle 
time. This can be avoided by improving the knowledge base for individuals regarding the different BIM 
concepts and functionalities.  
Regarding the enabling of augmented reality within BIM software, due to the increased human 
inputs, which again can lead to an increase in human error. The current state of this technology may be 
hampered, however, once new technologies such as cognitive machine learning is introduced this can 
reduce the amount of input required.  
These evidences show that BIM can lead to a reduction of waste in terms of variability, cycle time, 
and batch size. Moreover, reducing these types of wastes can lead to standardization and continuous 
improvement as the technology and the BIM knowledge for the surveyor is improved. Thus, BIM 
functionalities can lead to improving the value and flow for processes involved in building surveying 
practices through the reduction of waste. Finally, the evidence provided in this study shows the 
potential of collaboration in projects in terms of increasing value and reducing waste for the building 
surveying practices.  
In practical terms, the findings in the interaction matrix can be used as a guideline by individual and 
organizations in the building surveying practice who wish to implement BIM. The outcome of this 
research can be further developed in the future to incorporate IoT technologies and big data. 
Furthermore, case studies can be employed in future research to identify new interactions. 
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